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Abstract 
Elevating wheelchair use hydraulic lifting system with PID control to drive seat rise and fall. In order to ensure the 
hydraulic lift system of wheelchair runs fast and smooth, PID Parameters of Hydraulic System of elevating 
wheelchair was optimized with AMESim and NLPQL algorithm. The global optimal solution was obtained 
effectively. 
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1. Preface 
AMESim offers a complete platform of systems engineering design, users are able to establish the 
complex multi-discipline domain system's model in a platform, and on this basis simulation calculation 
and in-depth analysis are carried. For a hydraulic system, regardless of the designer or the user hopes that 
it is most superior and pursues the best stable state and the dynamic property. In order to ensure the 
hydraulic lift system of wheelchair runs fast and smooth, PID Parameters of Hydraulic system of 
elevating wheelchair was optimized with AMESim and NLPQL algorithm.  
2. System composition 
In order to facilitate the demands of different height of wheelchair users as well as in the course of 
using needs, seat is designed to be lifting hydraulic system structure. The diagram shown in Figure 1.
Simulation schematic diagram of hydraulic lifting system of wheelchair as shown in Figure 2. The system 
consisted of hydraulic cylinders, displacement sensors, servo valve, PID controller and other components.
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Four-way slide valve as a switching Amplifier element converted and enlarged input displacement signals 
into a hydraulic signal output to hydraulic cylinder, hydraulic cylinder as implementation component 
drive the load moves. Meanwhile, the output signal of cylinder feedback to valve body by displacement 
sensor. The slide-valve controls its widths through the PID controller, thus control hydraulic cylinder 
piston rod movement. In this case inputting a step signal to observe the step response of system after PID 
control [1].  
Fig.1. Diagram of the elevating wheelchair  
Fig.2. AMESim simulation schematic diagram of hydraulic lifting system of wheelchair 
3. Setting system parameters 
Three position four-way servo-valve flow of  the circuits current is 1L/min,the pressure drop is 
0.1MPa,rated current is 40mA,natural frequency is 80 Hz,damping ratio is 0.8.PID 
controler,kp=25 ,ki=0.03,kd=0.25.Setting the simulation time is 10s,the sampling period is 0.1s,in the run 
mode simulation results obtained is shown in Fig 3,4.  
Fig 3, 4 shows that the stable system has no overshoot but the longer rising time. The rising time 
reflects the rapidity of the system, therefore three parameters of PID controller was optimized. Searching 
in the global scope, optimal solutions that meet the system stability, rapid, accurate were found. First 
determine the range of parameters, the range of the final parameters decided by batch simulation were kP
(0 ～300), ki (0～1), kd (0～10). 
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Fig.3. System speed curve  
Fig.4. System displacement curve   
Fig.5. Running process of DOE experiment   
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4. Optimization design  
4.1. Do the export setup  
Inputs: kp ,ki,kd .
Outputs: Piston displacement (dis), Piston speed (v). 
Compound Outputs: Piston maximum speed: globMax (v), Constraints and control conditions: 
Maintaining stability in the hydraulic cylinder in 2~10s: globMax (abs (restrict (dis, 2, 10) -0.2)).
4.2. Design of Experiments 
Use the AMESim design exploration module. The first step toward define DOE consists in analyzing 
parameters and drawing relationships between input and response by experiments. With this technique, if 
there are N controls each with a high and low value, every combination of parameters is run. This gives 
 runs. Here N=3 giving eight runs. As shown in Fig 5.  
4.3. Run pid_DOE and display the effect table
The tables of Fig 6 show linear regression coefficients. The positive value indicates that the piston 
maximum speed increases as PID increases whereas the negative value indicates the piston maximum 
speed reduces as PID increases [2].  
Fig.6. Effect table
4.4. Optimization
The optimization design was carried on using the NLPQL algorithm.  
Inputs: kp ,ki,kd . 
Outputs: Piston displacement (dis), Piston speed (v). 
Constraints and control conditions: globMax(abs (restrict (dis, 2, 10) -0.2)) Upper bound 0. 
As shown in Fig 7, optimized PID parameters: kp=0.69 ,ki=0.99,kd=0.
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Fig.7. Optimization results 
5. Conclusion   
Optimization design of using AMESim is a fast, easy, and effective ways. Using optimization results 
make further Simulation to achieve combination of simulation and optimization. 
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